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© Integrated circuit package having a cooling mechanism. 



© An integrated circuit package having a cooling 
mechanism according to the present invention com- 
prises a plurality of integrated chips disposed to 
make a matrix and cooler (30)s utilizing jet impinge- 
ment of liquid coolant for cooling which are posi- 
tioned corresponding to the integrated circuit chips 
(20) on a printed circuit board using a holding plate 
(100) and are pressed against the integrated circuit 
chips (20) with force at a predetermined level. A 
cooler (30) comprises a cooling plate (40) in contact 
with a top face of the applicable integrated circuit 
chip (20), a cylinder-shapedhousing (50) fixed to the 



cooling plate (40), a nozzle (60) inserted to thehous- 
ing (50) to jet the liquid coolant practically to the 
center of the cooling plate (40) and a draining tube 
to drain the liquid coolant impinged into the housing 
(50). It further comprises a supplying manifold (130) 
to distribute the liquid coolant supplied from outside 
to each of the coolers (30) and a draining manifold 
(150) to collect and drain the liquid coolant flowing 
from the rows of coolers (30), and connecting tubes 
(160) to connect the supplying manifold (130) and 
the draining manifold (150) with the coolers (30) and 
to connect adjacent coolers (30). 
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BACKGROUNDS OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an integrated 
circuit package cooling mechanism used in elec- 
tronic devices such as information processors, and 
particularly relates to a cooling device in an in- 
tegrated circuit package comprising a plurality ot 
integrated circuit chips disposed on a printed wir- 
ing board to make a matrix. 

DESCRIPTION OF THE PRIOR ART 

An example of a conventional integrated circuit 
package cooling mechanism of this type is shown 
in Fig. 6. This is cited from "A Conduction-Cooled 
Module for High-Performance LSI Devices" by S. 
Oktay and H.C. Kammerer (IBM J/RES. DEVELOP, 
vol. 26, No. 1, Jan. 1982). In Fig. 6, a wiring 
substrate 161 is provided with an integrated circuit 
chip 162 mounted thereon, and a spring 163 
presses a piston 164 against the chip so that the 
heat at the chip is transferred to a cooling plate 
168 through a space filled with helium gas 165 and 
via a hat 166 and an intervening layer 167, and 
then discharged to a liquid coolant 169 circulating 
in the cooling plate 168. The reference numeral 
170 indicates an I/O pin of the wiring substrate 161. 
Including this one, several cooling devices have 
been invented and put into practice. 

The Japanese Patent Application Laid-open 
No. 160150/85 discloses a cooling device using 
impinging jet of liquid coolant. Fig. 7 shows the 
configuration of such a cooling device. 

As shown in Fig. 7, this cooling device trans- 
fers the heat generated at a chip 232 mounted on a 
printed wiring board 231 to a heat transfer plate 
235 via a heat transfer board 233 and a variable 
heat transfer substance 234, and cools down the 
heat transfer plate 235 by jet of the liquid coolant 
from a nozzle 236. The heat transfer plate 235 is 
pressed against the chip 232 by a bellows 238 
fixed to a cooling header 237 via the variable heat 
transfer substance 234 and the heat transfer board 
233. 

Among conventional cooling mechanisms de- 
scribed above, the one shown in Fig. 6 has a 
coolant channel in its cooler plate designed lor 
heat transfer by forced convection, but the heat 
transfer ratio obtained by this mechanism is about 
0.1 to 0.5 W/cm 2 *C at most. This is not sufficient 
cooling capacity for an integrated circuit chip with 
higher integration. The mechanism in Fig. 7 can 
achieve a higher heat transfer ratio, but its thin 
bellows is susceptible to corrosive holes under the 
affect of liquid coolant, which may result in leakage 
of coolant. 



SUMMARY OF THE INVENTION 

It is a first object of the present invention to 
provide an integrated circuit package having a 

5 cooling mechanism which enables high cooling effi- 
ciency and high resistance to corrosion due to 
liquid coolant. 

It is a second object of the present invention to 
provide an integrated circuit package having a 

w cooling mechanism with reduced connections of 
the coolant channel with outside devices, which 
facilitates maintenance and replacement. 

According to a preferred embodiment to attain 
the above objects, an integrated circuit package 

75 having a cooling mechanism ot the present inven- 
tion comprises a printed wiring board, a plurality of 
integrated circuit chips disposed on said printed 
wiring board, cooling means disposed correspond- 
ing to said integrated circuit chips for cooling down 

20 said integrated circuit chips using jet impingement 
of liquid coolant, a holding means fixed to said 
printed wiring board to position and hold said cool- 
ing means corresponding to said integrated circuit 
chips, and a pressing means to press said cooling 

25 means against said integrated circuit chips with 
force of a predetermined level. 

According to another preferred embodiment, 
said cooling means comprises a cooling plate in 
contact with the top face of said integrated circuit 

30 chip, a cylinder-shaped housing with an end fixed 
to said cooling plate, a nozzle inserted into said 
housing to jet said liquid coolant to almost the 
center of said cooling plate, and a drain tube 
disposed at said housing to drain said liquid cool- 
as ant jet into said housing. 

According to further preferred embodiment, 
said holding means is designed to have positioning 
holes to hold said cooling means with their top 
parts projecting at the positions corresponding to 

40 said integrated circuit chips. In addition, a frame to 
support said printed wiring board is provided to fix 
the holding means thereto. Further, said pressing 
means comprises a spring disposed between said 
cooler and said holding means. 

45 According to another preferred embodiment to 

attain the second object above, an integrated cir- 
cuit package having a cooling mechanism of the 
present invention comprises a supplying manifold 
which is provided with an inlet for liquid coolant 

50 supplied from outside and distributes the liquid 
coolant to each row of cooling means, a draining 
manifold which collects liquid coolant flowing from 
said rows of cooling means and drain such liquid 
coolant to outside, and connecting tubes to connect 

55 said supplying manifold and draining manifold with 
the cooling means and to connect adjacent cooling 
means. 
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According to still another embodiment to attain 
the above objects, an integrated circuit package 
having a cooling mechanism comprises a printed 
wiring board, a plurality of integrated circuit chips 
disposed on said printed wiring board like a matrix, 
cooling means disposed corresponding to said in- 
tegrated circuit chips for cooling down said in- 
tegrated circuit chips using impinging jet of liquid 
coolant, a holding means fixed to said printed wir- 
ing board to position and hold said cooling means 
corresponding to said integrated circuit chips, a 
pressing means to press said cooling means 
against said integrated circuit chips with force of a 
predetermined level, a supplying manifold which is 
provided with an inlet for liquid coolant supplied 
from outside and distributes the liquid coolant to 
each row of cooling means, a draining manifold 
which collects the liquid coolant flowing from said 
rows of cooling means and is provided with an 
outlet to drain such liquid coolant, and connecting 
tubes to connect said supplying manifold and 
draining manifold with the rows of cooling means 
and to connect adjacent cooing means in each row. 

According to another preferred embodiment of 
the present invention to attain the above objects, a 
cooling device in an integrated circuit package 
comprises cooling means which are disposed cor- 
responding to a plurality of integrated circuit chips 
mounted on a printed wiring board in the integrated 
circuit package and cool down said integrated cir- 
cuit chips using jet impingement of liquid coolant, a 
holding means fixed to said printed wiring board to 
position and hold said cooling means correspond- 
ing to said integrated circuit chips, a pressing 
means to press said cooling means against said 
integrated circuit chips with force of a predeter- 
mined level, a supplying manifold which is pro- 
vided with an inlet for liquid coolant supplied from 
outside and distributes the liquid coolant to each 
row of cooling means, a draining manifold which 
collects the liquid coolant flowing from said rows of 
cooling means and is provided with an outlet to 
drain such liquid coolant, and connecting tubes to 
connect said supplying manifold and draining mani- 
fold with the rows of cooling means and to connect 
adjacent cooing means in each row. 

Other objects, characteristics and effects of the 
present invention will be clarified in the detailed 
description below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross sectional view to show a 
cooling mechanism for an integrated circuit 
package according to an embodiment of the 
present invention, 

Fig. 2 is a plan view of a cooling mechanism for 
an integrated circuit package according to an 



embodiment of the present invention; 
Fig. 3 is a partially cut off perspective view of a 
cooler in a cooling mechanism for an integrated 
circuit package according to an embodiment of 

5 the present invention; 

Fig. 4 is a breakdown diagram to illustrate the 
assembling procedure of an integrated circuit 
package according to an embodiment of the 
present invention; 

10 Fig. 5 is a cross sectional view to show the flow 

of the liquid coolant in a cooler according to an 
embodiment of the present invention; 
Fig. 6 is a cross sectional view of a cooling 
mechanism of a conventional integrated circuit 

is chip; and 

Fig. 7 is a cross sectional view of a cooling 
mechanism in another conventional integrated 
circuit chip. 

po DESCRIPTION OF THF PREFERRFD EMBODI- 
MENT 

Referring to the attached figures, preferred em- 
bodiments of an integrated circuit package having 

25 a cooling mechanism of the present invention will 
be described below. Fig. 1 is a cross sectional view 
of an integrated circuit package having a cooing 
mechanism according to an embodiment of the 
present invention. Fig. 2 is a plan view of that 

30 integrated circuit package. 

An integrated circuit package has a printed 
wiring board 10 with a plurality of integrated circuit 
chips (ICs or LSIs) 20 disposed like a matrix there- 
on. Each integrated circuit chip 20 is provided with 

35 a corresponding cooler 30 which cools down the 
applicable integrated circuit chip 20 utilizing jet 
impingement of liquid coolant such as water. 

A cooler 30 is designed to have relatively thick 
walls of highly corrosion-resistant metal such as 

40 copper in order for high corrosion resistance to 
liquid coolant. The cooler 30 is, as shown in Fig. 3, 
provided with a cooling plate 40, a housing 50, a 
nozzle 60 and a drain tube 70. 

The cooling plate 40 is square-shaped and 

45 makes contact with the top face of the integrated 
circuit chip 20. The housing is formed as a cylinder 
with an end closed, and the open end is fixed to 
the cooling plate 40. The nozzle 60 to jet the 
supplied liquid coolant into the housing bO is posi- 

50 tioned so as to vertically go into the inside of the 
housing 50 through the top plate practically at the 
center. The leading end of the nozzle 60 is di- 
rected to the center of the cooling plate 40 so that 
the jet of the liquid coolant collides with the center 

55 part of the cooling plate 40. "The leading end of the 
nozzle 60 and the cooling plate 40 is designed to 
be separated for a distance to allow impinging jet 
of liquid coolant with sufficient force. In this em- 
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bodiment, this distance is substantially the same as 
the diameter of the nozzle 60 or twice the diameter 
of the nozzle 60. 

The drain tube 70 is to drain the liquid coolant 
jet Irorn the nozzle 60 into the housing 50 and is 
placed at the periphery of the top plate of the 
housing 50 as shown in the figure. The above 
nozzle 60 and the drain tube 70 are also made of 
metal such as copper or other corrosion-resistant 
material. 

The printed wiring board tO is provided with a 
frame 80. The frame 80 is, as shown in Fig. 1, 
formed as a shallow box which can accommodate 
the printed wiring board 10. The frame 80 is butt 
against and fixed to a holding plate 100 having 
substantially the same contour as the frame 80. 
The holding plate 100 has a plurality of positioning 
holes 90 to allow the top of the coolers 30 to 
project outward. The positioning holes 90 are pro- 
vided corresponding to the disposition of the in- 
tegrated circuit chips 20 on the printed wiring 
board 10 so that each cooler 3 can be positioned 
to corresponding integrated circuit chip 2. 

As shown in Fig. 1, the housing 50 of the 
cooler 30 is wound by a coil spring 110. The coil 
spring 110 intervenes between the cooling plate 40 
and the holding plate 100. The elasticity of the coil 
spring 110 serves for maintaining the force press- 
ing the cooling plate 40 of the cooler 30 against the 
integrated circuit chip 20 at a fixed level. 

The holding plate 100 is, at its ends, provided 
with a supplying manifold 130 to distribute the 
liquid coolant to each row of coolers 30 and a 
draining manifold 150 to collect the liquid coolant 
flowing out of the rows of coolers tor draining. The 
supplying manifold 130 and the draining manifold 
150 are mounted perpendicular to the cooler dis- 
position direction (horizontal direction in Fig. 2). 
The supplying manifold 130 has a channel 131 
inside and an inlet 120 for liquid coolant supplied 
from outside at an end. The draining manifold 150 
has a channel 151 inside and an outlet 140 for 
draining of liquid coolant to outside. 

The supplying manifold 130 and the nozzle 60 
of the first cooler 30 at each cooler row as well as 
the drain tube 70 of the last cooler 30 at each 
cooler row and the draining manifold 150 are con- 
nected with U-shaped connecting tubes 160. In 
addition, the drain tube 70 and the nozzle 60 of the 
adjacent coolers 30 are also connected by con- 
necting tubes 160. 

Now referring to Fig. 4, the procedure to as- 
semble an integrated circuit package cooling de- 
vice as above is described. 

Each of the coolers 30 is inserted into a coil 
spring 110 and further inserted through the ap- 
plicable positioning hole 90 of the holding plate 100 
so as to have the top of the cooler 30 projecting 



from the positioning hole 90. 

Then, a supplying manifold 130 and a draining 
manifold 150 are fixed on the top of the ends of the 
holding plate 100. The supplying manifold 130 is 

5 connected with the first cooler of each row and the 
last cooler 30 of each row is connected with the 
draining manifold 150 with connecting tubes 160. 
Adjacent coolers 30 in each row are also con- 
nected with connecting tubes 160. 

70 Finally, the holding plate 100 arranged as 

above is fixed to the frame 80 placed on the 
printed wiring board 10 with integrated circuit chips 
20 mounted thereon. Thus, an integrated circuit 
package having a cooling device is completed. 

75 In the cooling mechanism of an integrated cir- 

cuit package configured as above, the liquid cool- 
ant led from the inlet 120 at the supplying manifold 
130 flows in the channel 131 of the supplying 
manifold 130 and the connecting tubes 160 and is 

20 distributed to the first coolers 30 in the rows of 
coolers. The liquid coolant is impinged from the 
nozzle 60 and collides with the center part of the 
cooler plate 40, and with absorbing heat from the 
cooling plate 40, flows through the drain tube 7 and 

25 the connecting tubes 160 to go into the adjacent 
cooler 30. Fig. 5 shows the flow of the liquid 
coolant in a cooler 30. Then, the liquid coolant 
flowing out of the last cooler 30 of each cooler row 
is, via connecting tubes 160, collected to the drain- 

30 ing manifold 150 and is drained to outside through 
the channel 151 and the outlet 140. 

On the other hand, the heat generated at the 
integrated circuit chip 20 is transferred to the cool- 
ing plate 40 of the cooler 30 provided for each 

35 chip. The cooling plate 40 where the liquid coolant 
jet from the nozzle 60 makes collision serves for 
cooling at a high heat transfer coefficient so that 
the heat generated at the integrated circuit chip 20 
is discharged to the liquid coolant. 

40 According to experiments, if water is used as 

the liquid coolant in the cooling device according to 
this embodiment, the heat transfer ratio between 
the cooling plate 40 and the liquid coolant can be 
as high as 1 W/cm 2 ° C or more. At the same time, 

45 the thermal resistance from the integrated circuit 
chip 20 to the liquid coolant can be suppressed as 
low as 1 * C/W or less. 

Besides, this mechanism where the cooler 30 
is pressed against the integrated circuit chip 20 by 

50 the coil spring 1 1 0 realizes high cooling efficiency. 
In addition, since the cooler 30 itself is not required 
to be flexible, the cooling plate 40 and the housing 
50 constituting the cooler 30 can have thick walls. 
Thus, the cooling mechanism can be highly resis- 

55 tant to corrosion caused by the liquid coolant. 

Further, since the liquid coolant is distributed 
and collected by the supplying manifold 130 and 
the draining manifold 150 in this mechanism, con- 
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nections with outside coolant channel can be limit- 
ed to only two: the inlet at the supplying manifold 
130 and the outlet 140 at the draining manifold 
150. This facilitates maintenance and replacement 
during mounting and removal of the integrated cir- 
cuit package thanks to reduced connections with 
the coolant channel. 

Obviously, various modifications can be made 
to the above embodiment. For example, the hous- 
ing 50 has a cylinder shape in the above embodi- 
ment, but its cross section can be a square or any 
other shape. A straight nozzle 60 is placed to 
vertically go through the top plate of the housing 
50 at the center in the above embodiment, but the 
nozzle 60 can be placed at any position and can 
be of any shape provided that its leading end is 
positioned toward the center of the cooling plate 
40. For example, an L-shaped nozzle 60 may come 
through the side plate of the housing 50. In the 
above embodiment, integrated circuit chips are dis- 
posed on a printed wiring board like a matrix, but 
the present invention is applicable to any board 
with a plurality of integrated circuit chips and it is 
not limited to a matrix disposition of the chips. 

Claims 

1. An integrated circuit package having a cooling 
mechanism comprising 

a printed wiring board (10), 
a plurality of integrated circuit chips (20) dis- 
posed on said printed wiring board (10), 
cooling means disposed corresponding to said 
integrated circuit chips (20) for cooling down 
said integrated circuit chips (20) using imping- 
ing jet of liquid coolant, 

a holding means fixed to said printed wiring 
board (10) to position and hold said cooling 
means corresponding to said integrated circuit 
chips (20), and 

a pressing means to press said cooling means 
against said integrated circuit chips (20) with 
force of a predetermined level. 

2. An integrated circuit package having a cooling 
mechanism of Claim 1 wherein said cooling 
means comprises 

a cooling plate (40) in contact with the top face 
of said integrated circuit chip (20), 
a cylinder-shapedhousing (50) with an end 
fixed to said cooling plate (40), 
a nozzle (60) inserted into saidhousing (50) to 
impinge said liquid coolant to almost the cen- 
ter of said cooling plate (40), and 
a drain tube (70) disposed at saidhousing (50) 
to drain said liquid coolant jet into saidhousing 
(50). 



3. An integrated circuit package having a cooling 
mechanism of Claim 1 wherein 

said holding means is designed to have posi- 
tioning holes (90) to hold said cooling means 
5 with their top parts projecting at the positions 

corresponding to said integrated circuit chips 
(20). 

4. An integrated circuit package having a cooling 
10 mechanism of Claim 1 or 3 further comprising 

a frame (80) to support said printed wiring 
board (10) wherein said holding means is fixed 
to said frame (80). 

75 5. A cooling mechanism in an integrated circuit 
package having a cooling mechanism of Claim 
1 wherein said pressing means comprises a 
spring disposed between said cooling means 
and said holding means. 

20 

6. An integrated circuit package having a cooling 
mechanism of Claim 1 further comprising a 
supplying manifold (130) which is provided 
with an inlet (120) for liquid coolant supplied 

25 from outside and distributes the liquid coolant 

to each row of cooling means, 
a draining manifold (150) which collects liquid 
coolant flowing from said rows of cooling 
means and drain such liquid coolant to outside, 

30 and 

connecting tube (160)s to connect said sup- 
plying manifold (130) and draining manifold 
(150) with the cooling means and to connect 
adjacent cooling means in each row. 

35 

7. An integrated circuit package having a cooling 
mechanism comprising 

a printed wiring board (10), 
a plurality of integrated circuit chips (20) dis- 
40 posed on said printed wiring board (10) like a 

matrix, 

cooling means disposed corresponding to said 
integrated circuit chips (20) for cooling down 
said integrated circuit chips (20) using jet im- 
45 pingement of liquid coolant, 

a holding means fixed to said printed wiring 
board (10) to position and hold said cooling 
means corresponding to said integrated circuit 
chips (20), 

so a pressing means to press said cooling means 

against said integrated circuit chips (20) with 
force of a predetermined level, 
a supplying manifold (130) which is provided 
with an inlet (120) for liquid coolant supplied 

55 from outside and distributes the liquid coolant 

to each row of cooling means, 
a draining manifold (150) which collects the 
liquid coolant flowing from said rows of cooling 
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FIG.2 
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FIG. 3 
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FIG.7 (PRIOR ART) 
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